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INFLUENCE OF REFUGING CONSUMERS 
(PIKAS: OCHOTONA PRINCEPS) ON SUBALPINE 
MEADOW VEGETATION' 
NANCY J. HUNTLY2 
Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, Arizona 85721 USA, and 
Rocky Mountain Biological Laboratory, Gothic, Colorado 81224 USA 
Abstract. Talus slopes in western North America frequently are bordered by vegetation 
that differs in biomass, cover, height, and species composition from vegetation located 
farther from talus. These areas are grazed by pikas (Ochotona princess, which nest in that 
talus. Foraging theory predicts that pikas will produce a gradient of grazing pressure, which 
could produce the observed vegetational zonation. In a subalpine meadow in west-central 
Colorado, pikas produced the predicted gradient of grazing pressure, along which plant 
groups varied clinally in abundance. 
The effects of pikas on talus-border vegetation were tested by excluding pikas from 
small plots at several distances from talus. Vegetational cover and species richness increased 
in enclosures relative to control plots. These changes in vegetation following exclusion of 
pikas were greatest near talus and decreased with distance, paralleling the gradient of 
foraging by pikas. The effect of pika exclusion on cushion plants changed quantitatively 
and qualitatively with distance from talus and with time since grazing was stopped. These 
patterns were predicted from a model of the interaction of competition and predation along 
a gradient of grazing pressure. Mechanisms similar to those proposed for pikas are also 
expected for other small herbivores that forage from fixed nest sites. 
Key words. central place foraging; cushion plants, grazing, herbivory, Ochotona princeps; pertur- 
bation experiment; plant community; plant competition; predation gradient; refusing consumer; sub- 
alpine meadow. 
INTRODUCTION 
It has been proposed that terrestrial herbivores do 
not, in general, limit their plant resources (Hairston et 
al. 1960, Slobodkin et al. 1967). Other theories suggest 
that the role of herbivores will vary along environ- 
mental gradients (Connell 1975, Fretwell 1977, Arm- 
strong 1979, Oksanen et al. 1981). Although many 
recent experiments have evaluated the importance of 
competition in organizing communities of plants (see 
Connell 1983, Schoener 1983), few data exist with which 
to evaluate the role of herbivores. Grazing systems 
clearly demonstrate that herbivores can determine pro- 
ductivity and species composition of terrestrial plant 
communities, and native herbivores have been shown 
to limit certain plant populations (Cantlon 1969, Wal- 
off and Richards 1977, Parker and Root 1981, Louda 
1982). To date, most assessments of the community- 
level effects of herbivores have been in marine envi- 
ronments (reviewed by Lubchenco and Gaines 1981). 
The community-level effects of rabbits (Farrow 1917, 
Tansley and Adamson 1925, Hope-Simpson 1941, 
Gillham 1955, 1962, Watt 1957, Bartholomew 1970), 
microtines (Summerhayes 1941, Schulz 1965, Batzli 
and Pitelka 1977, Huntly 1985), several African un- 
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State University, Pocatello, Idaho 83209 USA. 
gulates (Sinclair 1974, McNaughton 1976, 1984, 1985), 
pocket gophers (Turner 1969, Huntly 1985), and in- 
sects (Brown 1985) have been studied experimentally. 
However, a number of these studies were not replicated 
or controlled, and there are few definitive demonstra- 
tions of either effect or lack of effect of native herbi- 
vores in terrestrial ecosystems. 
I report here a study of the influences on subalpine 
vegetation of a small, herbivorous mammal, the North 
American pika (Ochotona princess. Pikas are small 
(_ 160 g; Smith 1978) lagomorphs. Individuals are ter- 
ritorial and generally inhabit a single talus area for life 
(Smith 1981, Smith and Ivins 1983). Pikas are restrict- 
ed in North America to talus at high elevations and 
latitudes. They do not hibernate. During the growing 
season they both graze plants near talus and store vege- 
tation (hay) in caches (haypiles) in talus for winter use 
(Severaid 1955, Millar and Zwickel 1972). Pikas are 
generalized feeders, with individuals commonly using 
>30 plant species as forage (N. J. Huntly, personal 
observation). Nevertheless, they feed selectively, show- 
ing consistent preferences for particular plant species 
and avoidance of others (Millar and Zwickel 1972, 
Huntly et al. 1986, N. J. Huntly, personal observation). 
Pikas are one of many small mammalian herbivores 
that forage out from a fixed refuge, i.e., they are central 
place foragers (sensu Covich 1976, Orians and Pearson 
1979). Foraging theory predicts that refuging animals 
will generate gradients of resource use, with foraging 
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decreasing but becoming more selective as distance 
from the refuge increases (Covich 1972, Orians and 
Pearson 1979, Schoener 1979). Pikas behave as this 
theory predicts (Huntly et al. 1986). I incorporated the 
behavior of pikas and the observed distributions of 
plants near talus into a mechanistic model for the ef- 
fects of pikas on vegetation, and tested this model 
against data from an experiment in which pikas were 
excluded from patches of vegetation. 
Patterns of vegetational abundance 
and grazing damage 
At Virginia Basin, in central Colorado, USA, a 2- 
10 m strip adjacent to talus inhabited by pikas differed 
markedly in species composition from the meadow 
farther from talus. Vegetation within this strip was 
sparse, but morphologically similar groups of plants 
appeared to exhibit consistent distribution patterns. I 
therefore classified plant species into functional groups 
according to growth form and growth rate. These func- 
tional groups are expected to reflect differences both 
in relative competitive abilities in the absence of graz- 
ing and in palatability to pikas. Potential growth rate 
or competitive ability is commonly positively corre- 
lated with palatability to generalized herbivores in ter- 
restrial (Gillham 1955, 1962, Cates 1975, Cates and 
Orians 1975, Mattson 1980, Coley 1983, Dirzo 1984, 
Coley et al. 1985), aquatic (Shelden 1984), and marine 
(Lubchenco 1978, Littler and Littler 1980, Hay 1981, 
Lubchenco and Gaines 1981) ecosystems, and growth 
form is correlated with ability to compete for light 
(Harper 1977, Givnish 1982, Tilman 1986). I used four 
functional groups: graminoids, forbs, woody plants, and 
cushion plants. 
In mid-July 1980, I sampled vegetation along tran- 
sects perpendicular to the talus-meadow interface at 
Virginia Basin. I measured percent plant cover by 
species and the proportion of plant cover that showed 
grazing damage, for plots located at fixed distances 
from talus. Detailed methods and results are in Huntly 
(1985) and Huntly et al. (1986), and are only sum- 
marized here. Total grazing damage to plants decreased 
significantly with distance from talus (Spearman r, = 
0.9, df = 5, P < .05), whereas total vegetational cover 
increased significantly (r, = -0.9, df = 5, P < .05). 
Plant species richness also increased significantly with 
distance from talus. These patterns were as expected 
for the resources of a refuging herbivore. Observation 
of pikas also showed that their foraging activity de- 
creased sharply with distance from talus. 
Abundance of plant groups varied with distance from 
talus. Density of graminoids was inversely correlated 
with density of cushion plants (Spearman r, = - 1.0, 
df = 5, P < .05), with cushion plants most abundant 
and graminoids least abundant at an intermediate dis- 
tance from talus. Different graminoid species predom- 
inated at the near and far edges of the zone grazed by 
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FIG. 1. Schematic model of the mechanisms controlling 
plant distribution and abundance near talus inhabited by pi- 
kas. (A) Near talus, herbivory by pikas depresses plant growth 
and abundance. Competition among plants is reduced by her- 
bivory. Nonpalatable and/or grazing-tolerant plants are pre- 
dominant. (B) Farther from talus, herbivory decreases. Com- 
petition should gradually increase as plant biomass increases. 
(C) Cushion plants are the poorest competitors in this com- 
munity in the absence of herbivory. Their presence in the 
community is due to pikas; however, pikas limit the abun- 
dance of cushion plants near talus. 
pikas. Forbs were uncommon near talus, but increased 
in abundance at the far edge of the grazed area. Woody 
plants did not occur in these samples. 
Frequency of grazing damage to each plant group 
also changed with distance from talus. Forbs were grazed 
most across the entire transect. Graminoids were grazed 
frequently near talus, but this declined significantly 
with distance. Cushion plants were grazed only in plots 
within 0.5 m of talus. 
Abiotic factors could contribute to the observed dif- 
ferences in species composition and physiognomy be- 
tween talus-edge vegetation and that located farther 
from talus. The biomass gradient could reflect a pro- 
ductivity gradient determined by nutrient availability, 
soil texture, or water availability, or result from dif- 
ferences in disturbance or time of snowmelt. However, 
the distributions of plant groups and of grazing on these 
groups are consistent with the hypothesis that pikas 
cause the observed changes in vegetation with distance 
from talus. The distributional data further suggest 
mechanisms for the influence of pikas on species com- 
position of the vegetation in terms of interactions of 
competition and grazing. 
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Role of pikas: a model and predictions 
This model postulates mechanisms for the effects of 
pikas on vegetation in terms of changes in relative 
competitive abilities among plant groups in the pres- 
ence and absence of pika grazing (Fig. 1). The basic 
assumptions of the model are a trade-off between plant 
competitive ability and resistance to or avoidance of 
herbivory and a decrease in grazing with distance from 
talus. The gradient of grazing by pikas produces a par- 
allel gradient in the importance of competition among 
plants. Near talus, severe grazing reduces competition. 
The capacity for rapid growth and for increase in height 
are of little value to plants, and, if these traits are 
correlated with palatability to pikas, they are liabilities. 
Farther from talus, herbivory decreases and competi- 
tion among plants becomes increasingly important in 
determining abundance. Here, plants with low growth 
rates or low maximal height are at a disadvantage, even 
if they are unpalatable to pikas. 
Owing to the interaction between competition and 
herbivory, the effect of pikas on cushion plants is ex- 
pected to change qualitatively and quantitatively with 
distance from talus (Fig. 1). In Virginia Basin, cushion 
plants, with slow growth rates and lack of vertical growth 
capacity, should be the poorest competitors in the ab- 
sence of herbivory. Near talus, where these plants are 
grazed, pikas should directly limit cushion plant pop- 
ulations. At greater distances from talus, pikas graze 
only the competitors of cushion plants and will have 
a purely positive and indirect effect on cushion pop- 
ulations. 
This model generates three predictions that can be 
tested by manipulating pika populations: 
1) Removal of pikas should initially result in in- 
creases in vegetational cover and species richness. 
2) Initial increases in vegetational cover and species 
richness compared to controls should be largest near 
talus and should decrease with distance from talus, 
paralleling the gradient of decreasing herbivory. 
3) The short-term effect of pika exclusion on cushion 
plants will be positive near talus, where pika grazing 
limits cushion plant populations. This effect will be- 
come negative at greater distances from talus, where 
pikas affect cushion plants only indirectly, by grazing 
their competitors. The longer term effect of pika ex- 
clusion will be negative for cushion plants throughout 
the area grazed by pikas, because pikas limit the abun- 
dance of other plant species that are superior compet- 
itors for light. 
METHODS 
The study was conducted in Virginia Basin, a sub- 
alpine basin northeast of the Rocky Mountain Biolog- 
ical Laboratory in Gunnison County, Colorado. The 
talus studied was located at 3400 m elevation and 
abutted subalpine meadow for ;350 m. The flora of 
the Gunnison region has been described by Langen- 
heim (1962), who classified Virginia Basin as upland 
herb and fescue grassland. Common forbs in the well- 
developed meadow away from talus included Thalic- 
trum fendleri, Erigeron speciosus, Senecio crassulus, 
Potentilla gracilis, Lathyrus leucanthus, Geranium 
richardsonii, Epilobium angustifolium, Achillea mil- 
lefolium, and Agoseris aurantiaca. The most abundant 
grass was Festuca thurberi; F. rubra, Calamagrostis 
purpurascens, Agropyron trachycaulum, and Stipa let- 
termanni were also common. 
Vegetation in the zone near talus that is grazed by 
pikas differed in species composition as well as phys- 
iognomy from that of the meadow farther from talus. 
The most common graminoids near talus were Festuca 
thurberi, F. rubra, Blepharineuron tricholepsis, Carex 
ebenea, and Juncus drummondi. Forbs grew primarily 
as vegetative rosettes, producing upright stems only 
when flowering. Common species included Senecio 
atratus, Cirsium parryi, and Campanula rotundifolia. 
Common woody species were Potentillafruticosa, Ribes 
cereum, Rubus sp., Berberis repens, and Pachystima 
myrsinites. Cushion plants, which are most typical of 
alpine and arctic regions, grow as clusters of prostrate 
rosettes with a common root system. Common rep- 
resentatives included Erigeron simplex, Saxifraga 
bronchialis, and Sedum lanceolatum. 
Experimental assessment of the effects of 
pikas on vegetation 
I tested the model for effects of pikas on talus-border 
vegetation with an experiment in which pikas were 
prevented from grazing small plots, and the vegetation 
in these plots was compared with that in control plots 
accessible to pikas. I established four sets of pika ex- 
clusion and control plots along the talus border at Vir- 
ginia Basin in August 1979. Each set was located in a 
different area, referred to as Sites 1 through 4, along a 
200 m length of talus border. At each site, pika exclu- 
sion or control treatments were randomly assigned to 
four plots. There were thus two replicates of each treat- 
ment in each of four sites. 
Pikas were excluded by 1 m diameter x 46 cm high 
aboveground fences of 2.5 cm mesh wire fence sup- 
ported by 0.6 cm diameter steel rods. Control plots 
were simply marked with nails. Plots were located at 
different distances from the talus edge in the four sites. 
At Site 1, the plots were -0.5 m from talus; at Site 2, 
1 m; at Site 3, 2 m; and at Site 4, 9 m. Because the 
distance to which pikas forage varies among sites 
(Huntly et al. 1986), these four sites cannot be treated 
as points along an exact distance axis. However, they 
can be ranked from nearest to farthest from talus and 
do represent four points along a qualitative distance 
gradient. 
Within each experimental plot, four 0.25 x 0.25 m 
sampling subplots were marked, and plant populations 
were censused in these subplots in each year of the 
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experiment. Population size was estimated as percent 
cover, which was measured using a 0.25 x 0.25 m 
frame divided into a 10 x 10 grid of squares. For each 
plant species present, one cover unit was counted for 
each square in which the species was present. Total 
vegetational cover was calculated for each subplot as 
the sum of all species' cover values. It was thus possible 
for total vegetational cover to be > 100. Censuses were 
conducted in August 1979, when the exclosures were 
established, and in mid-August of 1980 through 1982. 
August is the end of the growing season for plants, and 
these samples reflect maximum standing crop. Data 
for the four subplots within each exclosure or control 
plot were used to calculate average values for vegeta- 
tional variables for each plot. These average values 
were used in statistical analyses. I used analysis of vari- 
ance, with sites as blocks, to test for differences in 
square-root transformed population size (percent cov- 
er) for each year of the experiment. Distance and site 
are confounded in this experiment, and a two-way AN- 
OVA for grazing (+ pikas, - pikas) by distance effects 
is not appropriate. I also tested for within-site effects 
of pika exclusion using single-degree-of-freedom con- 
trasts (least significant difference). These tests were less 
powerful than those for overall pika effects, but were 
necessary to test for predicted changes in pika effects 
with distance. 
In the analyses that follow, I attribute all effects of 
exclosure fences to removal of grazing by pikas. Each 
set of experimental plots was located within the for- 
aging area of a pika, near an active haypile site. Pikas 
actively grazed these areas in each year of the experi- 
ment. Voles (Microtus montaus and M. longicaudus) 
and pocket gophers (Thomomys talpoides) were com- 
mon in the well-developed meadow, but these animals 
were neither observed nor trapped in the zone of vege- 
tation grazed by pikas. Although a transient marmot 
(Marmota flaviventris) was sighted during two of the 
four summers of the experiment, no other vertebrate 
herbivores were observed or trapped in the vegetation 
near talus in which the exclosures were located. Insect 
herbivores also were rare in this vegetation and were 
not affected by fencing. Direct effects of the 2.54-cm 
mesh, 0.7 mm diameter wire were assumed to be min- 
imal. 
RESULTS 
In 1979, prior to exclusion of pikas, there were no 
significant differences in total vegetational cover (F= 
0.892, df= 1, 8; P > .3) or species richness (F = 0.772, 
df = 1, 8; P > .3) between plots from which pikas were 
excluded and their controls. Cover of cushion plants 
and forbs was also initially independent of treatment 
(Table 1). For grasses, initial cover was greater in pika 
exclosures than in controls, and for woody plants, ini- 
tial cover was greater in controls than in pika exclo- 
sures. 
TABLE 1. Overall treatment means and results of ANOVA 
for effect of pika exclusion on percent cover of listed plant 
groups. Data were arcsine transformed before analysis. 
Analyses were for effect of pikas (+, -) on percent cover, 
with site used as a blocking factor. All df 1, 8. 
Treatment 
means 
_____________Net Pika effect 
+ - differ- Pikaeffect 
Plant group Year Pikas Pikas ence* F P 
Cushion plants 0 7.6 10.1 +2.5 1.739 .2 
1 3.8 8.0 +4.2 5.295 .042 
2 2.6 9.6 + 7.0 9.132 .012 
3 2.6 8.3 + 5.7 5.022 .035 
Forbs 0 12.5 10.5 -2.0 0.058 .8 
1 11.7 13.5 - 1.8 1.954 .190 
2 9.1 21.7 + 12.5 8.077 .016 
3 12.8 22.3 +9.7 10.556 .008 
Graminoids 0 5.7 10.8 +5.7 7.030 .023 
nonpalatable 0 5.3 7.3 +2.0 0.807 .3 
1 3.3 3.8 +0.5 0.082 .7 
2 3.4 3.3 -0.1 0.029 .8 
3 4.7 4.0 -0.7 0.014 .9 
palatable 0 0.4 3.6 +3.2 5.643 .037 
1 1.0 4.7 + 3.7 7.408 .020 
2 0.2 5.4 + 5.2 8.303 .015 
3 1.4 8.3 +6.9 20.780 .001 
Woody plants 0 3.9 2.9 - 1.0 4.272 .054 
1 4.4 5.3 +0.9 0.904 .3 
(sites 2 2 2.4 5.0 +2.6 17.391 .009 
and 4) 3 2.6 5.9 +3.3 86.464 .001 
* Net difference = (Pika exclosure % cover) - (Control % 
cover). 
Vegetational abundance and species richness 
Total vegetational cover increased rapidly in the ab- 
sence of pikas (Fig. 2). After 1 yr, treatment plots had 
significantly greater cover than did controls (F = 5.29 5, 
df = 1, 8; P = .042). The cover in pika exclosures 
increased through time and was significantly greater 
than in controls throughout the experiment (year 2: 
F= 9.132, df = 1, 8, P= .012; year 3: F = 5.022, 
df= 1 8, P= .035). 
Exclusion of pikas also influenced plant diversity 
(Fig. 3). Overall, species number increased in pika ex- 
closures relative to controls during the 3-yr period. 
There were significantly more species in plots from 
which pikas had been excluded in the second (F = 
7.735, df= 1, 8; P = .018) and third (F= 9.189, df= 
1, 8; P = .011) years of the experiment. No significant 
differences occurred between pika exclosures and con- 
trol plots at Site 4, the site most distant from talus. 
At Site 3, species richness was relatively high, even 
in control plots, and differences between grazing treat- 
ments were never significant. This site had a population 
of the thistle Cirsium parryi, which was avoided by 
pikas. Many other plants grew below the foliage of adult 
Cirsium, and appeared to be protected from grazing 
by association with Cirsium. If only plants not growing 
under adult Cirsium are counted, species richness was 
higher in the 3rd yr of the experiment in plots from 
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FIG. 2. Total vegetational cover in pika enclosures and 
their controls during the three summers of pika exclusion. +, 
*,and ** show within-site differences, determined by contrasts 
(least significant difference), at the .10, .05, and .01 signifi- 
cance levels, respectively. G* and G** indicate significant 
overall grazing (+ pikas, -pikas) effects at .05 and .01 sig- 
nificance levels. The plots at Site I were ':'0.5 m from talus; 
at Site 2, 1 m; at Site 3, 2 m; at Site 4, 9 m. 
which pikas were excluded (I10 vs. 6 per species 0. 25 x 
0.25 m quadrat; 19 vs. 9 species per experimental plot). 
Effects of pika exclusion on plant groups 
Following exclusion of pikas, all plant groups (except 
nonpalatable graminoids) increased in overall percent 
cover in pika enclosures compared to controls (Table 
1). The magnitude of the increase varied among groups, 
with forbs having the largest differences between pika 
enclosures and controls. Although woody plants had 
significantly higher cover in control plots than in pika 
exclosures at the beginning of the experiment, this pat- 
tern was quickly reversed. Woody plants had signifi- 
cantly greater cover in pika exclosures after 2 yr with- 
out grazing (Table 1). For forbs, a large portion of the 
increase in cover in enclosures was attributable to es- 
tablishment of plants from seed. Forb cover increased 
only slightly in enclosures compared to controls in site 
3. Here, again, the abundant and avoided thistle Cir- 
sium parryi influenced the results. When forbs in this 
site were separated into Cirsium vs. all others, there 
was a significant increase in cover of other forbs. 
A small caespitose grass, Blepharineuron tricholep- 
sis, was common near talus and was rarely grazed (N. 
J. Huntly, personal observation). I therefore separated 
graminoids to Blepharineuron tricholepsis vs. all other 
species and tested for grazing effects on each group. 
Percent cover of other, more palatable, graminoids be- 
came significantly greater in exclosures than in controls 
(Table 1). Percent cover of Blepharineuron, however, 
did not differ significantly between treatments. Because 
the cover of palatable graminoids was significantly 
greater in pika enclosures than controls when the ex- 
periment was begun, I also tested for effects of pika 
exclusion on the change in percent cover of each gra- 
minoid group. The change in cover was significantly 
higher in pika enclosures for palatable graminoids (F = 
7.604, df = 1, 8; P = .024), but did not differ between 
exclosures and controls for Blepharineuron (F = 1.076, 
df= 1, 8; P > .3). 
Cushion plant cover was significantly higher overall 
in exclosures than in controls in each of the 3 yr fol- 
lowing exclusion of pikas (Table 1). Contrasts for with- 
in-site differences between control and exclosure treat- 
ment means generally supported the predicted variation 
in effects of pikas with time and distance. Percent cover 
of cushion plants increased in enclosure plots relative 
to controls, and cushion plant populations were sig- 
nificantly larger in pika exclosures than their controls 
in Sites 1, 2, and 3 after 2 yr without grazing (Fig. 4). 
In the 3rd yr of pika exclusion, however, cushion den- 
sities declined in exclosures at Sites 1 and 3 and were 
no longer significantly greater than in controls. At Site 
4, there were no significant differences between exclo- 
sure and control populations in any year. 
Distance dependence of effects of pika exclusion 
Because initial plant abundance and diversity varied 
among plots, I used the ratio of average cover or species 
number in pika enclosures to that in control plots as a 
measure of relative response to exclusion of pikas. In 
no case was this ratio negatively related to distance 
from talus when the experiment was begun (Fig. 5). 
For total vegetational cover and species richness, the 
ratio was inversely correlated with distance from talus 
in each of the 3 yr of exclusion. For cushion plants, 
the relative increase in cover decreased with distance 
from talus in the first 2 yr following exclusion of pikas. 
However, as cushion cover declined in two sites in the 
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3rd yr of the experiment, the correlation with distance 
disappeared. I did not statistically test these results, 
because of the small sample size (one average value 
for each of four distances). However, the association 
with distance was perfect in 2 of 3 yr for cushion plants 
and in all 3 yr for species richness; for vegetational 
cover, the farthest site had a higher value of the ratio 
in 2 of 3 yr than did the next-to-farthest site. The 
within-site contrasts also generally support the hy- 
pothesis that effects of pika removal were greater near 
talus (Figs. 2-4). 
DISCUSSION 
General effects of pikas on vegetation 
Although vegetation near talus was sparse and many 
species were present, when species were grouped by 
growth form a vegetational zonation with distance from 
talus was apparent. Plants that were observed to have 
frequent grazing damage when present were less com- 
mon near talus than farther away. The most common 
species nearest talus, cushion plants and Blepharineu- 
ron tricholepsis, were the least often grazed. The num- 
ber of plant species locally present increased with dis- 
tance from talus. These observations are consistent 
with a model postulating that pikas cause these vege- 
tational patterns by selectively grazing plants growing 
near talus. 
The enclosure experiments demonstrate that pikas 
are responsible for significant decreases in plant cover 
and species richness. In addition, grazing by pikas is 
associated with changes in species composition. Ex- 
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FIG. 4. Percent cover of cushion plants in pika exclosures 
and controls during the three summers of pika exclusion. 
Symbols as in Fig. 2. 
This content downloaded from 129.123.125.251 on Wed, 2 Apr 2014 13:14:28 PM
All use subject to JSTOR Terms and Conditions
280 NANCY J. HUNTLY Ecology, Vol. 68, No. 2 
1.2 
TOTAL VEGETATION 
0.8- 
0.4- 
0 
= 0. 
~~~~~~~~~~~~~~~~~~~~L J 
-0.4 
0.6 NUMBER SPECIES 
0.4- 
0.2- 
0.0 
-0.2 
1.6 
~~~CUSHION PLANTS 
1.2 
0.8- 
0.0 . 
-0.4- 
SITE 1 SITE 2 SITE 3 SITE 4 
FIG. 5. Total vegetational cover, species richness, and 
cushion plant cover in pika enclosures relative to controls at 
the four study sites, ranked by distance from talus. 0 shows 
equal values for enclosures and control plots. The four bars 
for each site show 1979, 1980, 1981, and 1982 values. 
clusion of pikas from small patches of vegetation re- 
sulted in colonization by and increased growth of pre- 
ferred forage species, particularly forbs. Vegetation 
within pika enclosures became more similar to mead- 
ow vegetation located farther from talus. 
Absolute population densities increased compared 
to controls for all plant groups except nonpalatable 
graminoids following exclusion of pikas, but the mag- 
nitude of the response differed among groups. I have 
not considered proportional abundance (group cover/ 
total cover) patterns here, because I used percent cover 
as an estimate of population size. Percent cover is a 
good estimate of the population size of cushion plants, 
which show no vertical growth, but is a conservative 
measure of differences in abundance of graminoids, 
forbs, and woody plants between grazed and ungrazed 
plots. 
Distance dependence of the effects of 
pikas on vegetation 
Although exclusion of pikas should ultimately result 
in the same effects at any site, given no edaphic dif- 
ferences, the effects of excluding pikas varied with dis- 
tance from talus during the first 2 yr of the experiment. 
This was predicted from the distance-dependent vari- 
ation in grazing by pikas (Huntly et al. 1986). The 
divergence between pika exclusion plots and their con- 
trols decreased with distance from talus. The magni- 
tude of the divergence between treatments paralleled 
the gradient of grazing by pikas. 
It was also predicted that the net effect of pikas on 
cushion plants would change qualitatively with dis- 
tance from talus. Cushion plants should increase near 
talus when pika grazing is removed, but should de- 
crease at distances where they are not grazed, owing 
to competition from plants of other growth forms that 
have been released from herbivory. Alternatively, they 
might show no short-term response to exclusion of 
pikas if competition among plants was weak. The for- 
mer hypothesis was generally supported by the data; 
but the decrease in Site 4, the most distant enclosure 
site, was nonsignificant. After 3 yr of exclusion of pikas, 
the longer term prediction of cushion plant population 
decline in enclosure plots relative to controls, regard- 
less of location, was also supported. 
Initial differences in species composition within ex- 
perimental plots may have contributed to differences 
in the observed responses of cushion plants to pika 
exclusion. Woody plants were present in 1979 only in 
Sites 2 and 4. In 1982, these plots were dominated by 
woody vegetation. Sites 1 and 3, in contrast, had large 
graminoid and Cirsium populations, respectively. 
Cushion plants may persist as an understory below 
woody plants that produce slight shade (N. J. Huntly, 
personal observation), and this could have produced 
the slower cushion plant declines in Sites 2 and 4. 
Inferences concerning competition among plants 
A clear demonstration of competitive interactions 
among plants would require manipulations of plant 
populations. I did not manipulate plants, and my evi- 
dence for competition among plants is indirect. The 
observed responses of plant groups, particularly cush- 
ion plants, were, however, supportive of the model's 
assumptions of relative competitive abilities in the 
presence vs. absence of grazing. Other observations 
(Griggs 1955) and experiments (P. Dixon, personal 
communication) support the assertion that cushion 
plants are generally competitively inferior where en- 
vironmental conditions do not limit the growth of taller 
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plants. Vegetation in prairie dog towns (Osborn and 
Allan 1949) and rabbit warrens (Gillham 1955) also 
suggests competitive displacement of prostrate plants 
in the absence of herbivory. 
General implications for plant-herbivore 
interactions 
The conditions under which herbivores may affect 
the productivity or species composition of their re- 
sources remain in question. This study demonstrates 
that pikas in the subalpine limit the abundance and 
species composition of the vegetation they graze. This 
is true despite the small size and generalized feeding 
of pikas. It is likely that other herbivores that forage 
from a fixed nest, den, or burrow have similar effects 
on vegetation to those shown here for pikas. Vegeta- 
tional zonation is reported around the refuges of a num- 
ber of other small mammalian herbivores, including 
rabbits (Farrow 1917, Gillham 1955, 1962), wood- 
chucks (Merriam and Merriam 1965), prairie dogs (Os- 
born and Allan 1949, King 1955), desert cavies (Rood 
1970), and marmots (del Moral 1984). Vegetational 
zonation is expected if these animals produce a gradient 
of herbivory that results in clinal changes in plant com- 
petitive abilities. Similar effects may be produced by 
less sedentary herbivores that nevertheless vary for- 
aging with proximity to cover, but these may be more 
difficult to detect. Examples are given by Bartholomew 
(1970) and Jaksic and Fuentes (1981). 
The results of my experiments illustrate the utility 
of combining studies of herbivore foraging with studies 
of the effects of herbivores on plants. Because pika 
foraging varies with distance from talus (Huntly 1985, 
Huntly et al. 1986), the effects of pikas on particular 
plant species vary with distance from talus, both in 
strength and direction. A study that did not consider 
distance from talus would not accurately estimate the 
role of pikas in producing and maintaining the vege- 
tational zone near talus. In particular, for cushion plants, 
which are the poorest competitors in the absence of 
herbivory, the effects of pikas appear to be reversed 
with distance from talus. Analysis of randomly located 
plots could show no net effect of pikas on cushion 
plants, despite the pattern revealed when distance is 
taken into account. 
The interactions of herbivory and competition among 
plants reported here parallel patterns found for several 
marine intertidal (Paine and Vadas 1969, Lubchenco 
1978, Lubchenco and Cubit 1980), reef-edge (Randall 
1965, Ogden et al. 1973, Hay 1981), and freshwater 
(Shelden 1984) ecosystems. In each case, more rapidly 
growing and/or taller plants are limited in distribution 
and abundance by herbivory. This in turn facilitates 
increased occurrence and abundance of slower growing 
and prostrate plants, which are poorer competitors in 
dense vegetation. The formal similarity for plants and 
herbivores of many phyla (angiosperms and various 
algae; mammals, fishes, echinoderms, insects, and mol- 
luscs) suggests that a general trade-off between com- 
petitive ability and susceptibility to herbivory exists 
under some environmental conditions. Direct eluci- 
dation of this trade-off and of conditions under which 
it may hold is warranted. 
ACKNOWLEDGMENTS 
This research was supported by Sigma Xi, the American 
Museum of Natural History (Theodore Roosevelt Memorial 
Fund), the Rocky Mountain Biological Laboratory (Amax 
Fund), and W. and E. Inouye. I thank J. H. Brown, R. S. 
Inouye, T. G. Whitham, and several reviewers for comments 
on the manuscript. I was supported while writing by NSF 
grant DEB-8 114302 (LTER) to D. Tilman and J. R. Tester. 
LITERATURE CITED 
Armstrong, R. A. 1979. Prey species replacement along a 
gradient of nutrient enrichment: a graphical approach. Ecol- 
ogy 60:76-84. 
Bartholomew, B. 1970. Bare zone between California shrub 
and grassland communities: the role of animals. Science 
170:1210-1212. 
Batzli, G. O., and F. A. Pitelka. 1970. Influence of meadow 
mouse populations on California grassland. Ecology 51: 
1027-1039. 
Brown, V. K. 1985. Insect herbivores and plant succession. 
Oikos 44:17-22. 
Cantlon, J. E. 1969. The stability of natural populations and 
their sensitivity to technology. Brookhaven Symposium in 
Biology 22:197-203. 
Cates, R. G. 1975. The interface between slugs and wild 
ginger: some evolutionary aspects. Ecology 56:391-400. 
Cates, R. G., and G. Orians. 1975. Successional status and 
the palatability of plants to generalized herbivores. Ecology 
56:410-418. 
Coley, P. D. 1983. Herbivory and defensive characteristics 
of tree species in a lowland tropical forest. Ecological Mono- 
graphs 53:209-233. 
Coley, P. D., J. P. Bryant, and F. S. Chapin, III. 1985. Re- 
source availability and plant antiherbivore defense. Science 
230:895-899. 
Connell, J. H. 1975. Some mechanisms producing structure 
in natural communities: a model and evidence from field 
experiments. Pages 460-490 in M. L. Cody and J. M. Dia- 
mond, editors. Ecology and evolution of communities. Har- 
vard University Press, Cambridge, Massachusetts, USA. 
. 1983. On the prevalence and relative importance 
of interspecific competition: evidence from field experi- 
ments. American Naturalist 122:661-696. 
Covich, A. P. 1976. Analyzing shapes and sizes of foraging 
areas: some ecological and economic theories. Annual Re- 
view of Ecology and Systematics 7:235-257. 
del Moral, R. 1984. The impact of the Olympic marmot on 
subalpine vegetation structure. American Journal of Botany 
71:1228-1236. 
Dirzo, R. 1984. Herbivory: a phytocentric overview. Pages 
141-165 in R. Dirzo and J. Sarukhan, editors. Perspectives 
on plant population ecology. Sinauer, Sunderland, Massa- 
chusetts, USA. 
Farrow, E. P. 1917. On the ecology of the vegetation of 
Breckland. III. General effects of rabbits on the vegetation. 
Journal of Ecology 5:1-18. 
Fretwell, S. D. 1977. The regulation of plant communities 
by food chains exploiting them. Perspectives in Biology and 
Medicine 20:169-185. 
Gillham, M. E. 1955. Ecology ofthe Pembrokeshire Islands 
This content downloaded from 129.123.125.251 on Wed, 2 Apr 2014 13:14:28 PM
All use subject to JSTOR Terms and Conditions
282 NANCY J. HUNTLY Ecology, Vol. 68, No. 2 
III. The effects of grazing on the vegetation. Journal of 
Ecology 43:172-206. 
1962. Some interactions of plants, rabbits and sea- 
birds on South African islands. Journal of Ecology 50:275- 
294. 
Givnish, T. J. 1982. The adaptive significance of leaf height 
in forest herbs. American Naturalist 120:353-381. 
Griggs, R. F. 1955. Competition and succession in a Rocky 
Mountain fellfield. Ecology 37:8-20. 
Hairston, N. G., F. E. Smith, and L. B. Slobodkin. 1960. 
Community structure, population control and competition. 
American Naturalist 94:421-425. 
Harper, J. L. 1977. Population biology of plants. Academic 
Press, New York, New York, USA. 
Hay, M. E. 1981. Herbivory, algal distribution and the 
maintenance of between-habitat diversity on a tropical 
fringing reef. American Naturalist 118:520-540. 
Hope-Simpson, J. F. 1941. Studies of the vegetation of the 
English chalk. VIII. A second survey of the chalk grasslands 
of the South Downs. Journal of Ecology 29:217-267. 
Huntly, N. J. 1985. Influence of herbivores on plant com- 
munities: experimental studies of a subalpine meadow eco- 
system. Dissertation. University of Arizona, Tucson, Ari- 
zona, USA. 
Huntly, N. J., A. T. Smith, and B. L. Ivins. 1986. Foraging 
behavior of a refuging herbivore, the pika (Ochotona prin- 
ceps: Lagomorpha), with comparisons of grazing and cach- 
ing. Journal of Mammalogy 67:139-148. 
Jaksic, F. M., and E. R. Fuentes. 1980. Why are native herbs 
in the Chilean matorral more abundant beneath bushes: 
microclimate or grazing? Journal of Ecology 68:665-669. 
King, J. A. 1955. Social behavior, social organization, and 
population dynamics in a black-tailed prairiedog town in 
the Black Hills of South Dakota. Contributions from the 
Laboratory of Vertebrate Biology of the University of Mich- 
igan 67, Ann Arbor, Michigan, USA. 
Langenheim, J. H. 1962. Vegetation and environmental pat- 
terns in the Crested Butte area, Gunnison County, Colo- 
rado. Ecological Monographs 32:249-285. 
Littler, M. M., and D. S. Littler 1980. The evolution of 
thallus form and survival strategies in benthic marine mac- 
roalgae: field and laboratory tests of a functional form mod- 
el. American Naturalist 116:25-44. 
Lubchenco, J. 1978. Plant species diversity in a marine 
intertidal community: importance of herbivore food pref- 
erence and algal competitive abilities. American Naturalist 
112:23-39. 
Lubchenco, J., and J. Cubit. 1980. Heteromorphic life his- 
tories of certain marine algae as adaptations to variations 
in herbivory. Ecology 61:676-687. 
Lubchenco, J., and S. D. Gaines. 1981. A unified approach 
to plant-herbivore interactions. I. Populations and com- 
munities. Annual Review of Ecology and Systematics 12: 
405-437. 
Louda, S. M. 1982. Distribution ecology: variation in plant 
recruitment over a gradient in relation to insect seed pre- 
dation. Ecological Monographs 52:25-41. 
Mattson, W. J. 1980. Herbivory in relation to plant nitrogen 
content. Annual Review of Ecology and Systematics 11: 
119-161. 
McNaughton, S. J. 1976. Serengeti migratory wildebeest: 
facilitation of energy flow by grazing. Science 191:92-94. 
1984. Grazing lawns: animals in herds, plant form, 
and coevolution. American Naturalist 124:863-886. 
1985. Ecology of a grazing ecosystem: the Serengeti. 
Ecological Monographs 55:259-294. 
Merriam, H. G., and A. Merriam. 1965. Vegetation zones 
around woodchuck burrows. Canadian Field Naturalist 79: 
177-180. 
Millar, J. S., and F. C. Zwickel. 1972. Characteristics and 
ecological signficance of haypiles of pikas. Mammalia 36: 
58-68. 
Ogden, J. C., R. A. Brown, and N. Salesky. 1973. Grazing 
by the echinoderm Diadema antillarum Phillippi: forma- 
tion of halos around West Indian patch reefs. Science 182: 
715-717. 
Oksanen, L., S. D. Fretwell, J. Arruda, and Pekka Niemela. 
1981. Exploitation ecosystems in gradients of primary pro- 
ductivity. American Naturalist 118:240-261. 
Orians, G. H., and N. E. Pearson. 1979. On the theory of 
central place foraging. In D. J. Horn, R. D. Mitchell, and 
G. R. Stairs, editors. Analysis of ecological systems. Ohio 
State University Press, Columbus, Ohio, USA. 
Osborn B., and P. F. Allan. 1949. Vegetation of an aban- 
doned prairie-dot town in tall grass prairie. Ecology 30: 
322-332. 
Paine, R. T., and R. L. Vadas. 1969. The effects of grazing 
by sea urchins, Strongylocentrotus spp., on benthic algal 
populations. Limnology and Oceanography 14:710-719. 
Parker, M. A., and R. B. Root. 1981. Insect herbivory limits 
habitat distribution of a native composite, Machaeranthera 
canescens. Ecology 62:1390-1392. 
Randall, J. E. 1965. Grazing effects on seagrasses by her- 
bivorous reef fishes in the West Indies. Ecology 46:255- 
260. 
Rood, J. P. 1970. Ecology and social behavior of the desert 
cavy (Microcavia australis). American Midland Naturalist 
83:415-454. 
Schoener, T. W. 1979. Generality of the size-distance re- 
lationship in models of optimal feeding. American Natu- 
ralist 114:902-914. 
1983. Field experiments on interspecific competi- 
tion. American Naturalist 122:240-285. 
Schultz, A. M. 1964. The nutrient-recovery hypothesis for 
arctic microtine cycles. II. Ecosystem variables in relation 
to the arctic microtine cycles. Pages 57-68 in D. Crisp, 
editor. Grazing in terrestrial and marine environments. 
Blackwell, Oxford, England. 
Severaid, J. H. 1955. The natural history of the pika (mam- 
malian genus Ochotona). Dissertation. University of Cal- 
ifornia, Berkeley, California, USA. 
Shelden, S. P. 1984. The effects of herbivory and other 
factors on species abundance and the diversity of freshwater 
macrophyte communities. Dissertation. University of Min- 
nesota, Minneapolis, Minnesota, USA. 
Sinclair, A. R. E. 1974. The resource limitation of trophic 
levels in tropical grassland ecosystems. Journal of Animal 
Ecology 46:497-519. 
Slobodkin, L. B., F. E. Smith, and N. G. Hairston. 1967. 
Regulation in terrestrial ecosystems, and the implied bal- 
ance of nature. American Naturalist 101: 109-124. 
Smith, A. T. 1978. Comparative demography of pikas (Och- 
otona): effects of spatial and temporal age-specific mortal- 
ity. Ecology 59:133-139. 
1981. Territoriality and social behavior of Ochotona 
princes. Pages 310-323 in K. Myers and C. MacInnes, 
editors. Proceedings of the World Lagomorph Conference. 
Guelph University Press, Guelph, Ontario, Canada. 
Smith, A. T., and B. L. Ivins. 1983. Colonization in a pika 
population: dispersal versus philopatry. Behavioral Ecology 
and Sociobiology 13:37-47. 
Summerhayes, V. S. 1941. The effects of voles (Microtus 
agrestis) on vegetation. Journal of Ecology 29:14-48. 
Tansley, A. G., and R. S. Adamson. 1925. Studies of the 
vegetation of the English chalk. III. The chalk grasslands 
of the Hampshire-Sussex border. Journal of Ecology 13: 
177-223. 
Tilman, D. 1986. Evolution and differentiation in terrestrial 
plant communities: the importance of the soil resource: 
light gradient. Pages 3 59-380 in J. Diamond and T. J. Case, 
This content downloaded from 129.123.125.251 on Wed, 2 Apr 2014 13:14:28 PM
All use subject to JSTOR Terms and Conditions
April 1987 PIKAS AND SUBALPINE VEGETATION 283 
editors. Community ecology. Harper and Row, New York, 
New York, USA. 
Turner, G. T. 1969. Responses of mountain grassland vege- 
tation to gopher control, reduced grazing, and herbicide. 
Journal of Range Management 22:377-383. 
Waloff, N., and 0. W. Richards. 1977. The effect of the 
insect fauna on growth, mortality and natality of broom, 
Sarothamnus scoparius. Journal of Applied Ecology 14:787- 
798. 
Watt, A. S. 1957. The effect of excluding rabbits from grass- 
land B (Mesobrometum) in Breckland. Journal of Ecology 
45:861-878. 
This content downloaded from 129.123.125.251 on Wed, 2 Apr 2014 13:14:28 PM
All use subject to JSTOR Terms and Conditions
